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Zusammenfassung—Im Bereich integrierter Schal-
tungen (ICs) für die Fahrzeugelektronik ist in den 
letzten Jahren ein Trend zum Einsatz komplexer 
Mixed-Signal-Komponenten erkennbar. Dies führt 
dazu, dass ein altes Problem zunehmend in den Fo-
kus der EDA-Entwickler rückt: Während der digi-
tale Entwurfsfluss hoch automatisiert ist, findet der 
Entwurf analoger Komponenten überwiegend in ei-
nem manuellen, zeitaufwändigen und interaktiven 
Entwurfsstil statt. Die folgende Arbeit beschreibt 
ein Konzept, diesen Mangel mit Hilfe eines durch-
gängigen analogen Entwurfsflusses unter Verwen-
dung so genannter Modul-Generatoren zu mildern.
Der vorgestellte Ansatz zur Erzeugung von Schalt-
kreis-Automatismen berücksichtigt die implizite 
Nutzung von Erfahrungswissen des Designers, bie-
tet eine volle Topologie-Flexibilität und steigert die 
Wiederverwendung („re-use“) gängiger Schal-
tungstopologien. Die erreichten Zwischenergebnisse 
lassen einen erheblichen Nutzen erkennen und zei-
gen das Potenzial sogenannter „Parametrisierter 
Schaltkreise“ auf, den Automatisierungsgrad des 
analogen Schaltungsentwurfs zu steigern.
Schlüsselwörter—Electronic Design Automation
EDA, Generatoren, IP, re-use, Expertenwissen, 
Analog Design, Analoger Entwurfsfluss, Constrai-
nts, Dimensionierung.
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(OHFWURQLF'HVLJQ$XWRPDWLRQ('$LVWLP%HUHLFK
LQWHJULHUWHU 6FKDOWXQJHQ QLFKW ZHJ ]X GHQNHQ 6HLW
PHKUHUHQ'HNDGHQZLUG ± SDUDOOHO ]X GHQ:HLWHUHQW
ZLFNOXQJHQLP%HUHLFKGHU7HFKQRORJLH±GLH)XQNWLR
QDOLWlWGHU+LOIVPLWWHO IUGHQ6FKDOWXQJVGHVLJQHUYR
UDQJHWULHEHQ +LHUEHL KDW VLFK HLQ HUKHEOLFKHU 8QWHU
VFKLHG ]ZLVFKHQ GHQ$XWRPDWLVLHUXQJVJUDGHQ LP%H
UHLFKYRQDQDORJHUXQGGLJLWDOHU:HOWHUJHEHQ0LWGHU
(LQVFKUlQNXQJYRQ(QWZXUIVIUHLKHLWVJUDGHQ]%(LQ
VDW]YRQ6WDQGDUG]HOOHQXQGOD\HUVSH]LILVFKH9RU]XJV
ULFKWXQJHQ GHU 9HUGUDKWXQJ ZXUGH GHU $XWRPDWLVLH
UXQJVJUDG LP (QWZXUIVIOXVV HQJO 'HVLJQ)ORZ YRQ
GLJLWDOHQ LQWHJULHUWHQ 6FKDOWNUHLVHQ HUKHEOLFK JHVWHL
JHUW'XUFKGLH)RNXVVLHUXQJGHU('$(QWZLFNOHUDXI
GLHGLJLWDOH:HOW LVWGDEHL MHGRFK OHLGHUGLH(QWZLFN
OXQJ HLQHV DXWRPDWLVLHUWHQ DQDORJHQ'HVLJQ)ORZV LQ
GHQ+LQWHUJUXQGJHUFNW%LVKHXWHLVWGHUDQDORJH,&
(QWZXUIJU|WHQWHLOVPDQXHOOJHSUlJW6LFKHULVWHLQJX
WHU+DQGHQWZXUIPDQXHOOHU(QWZXUIVIOXVV±RKQHDXI
GLH(QWZLFNOXQJV]HLW ]X DFKWHQ ± HLQHU DOJRULWKPLVFK
HQWZRUIHQHQ 6FKDOWXQJ YRU]X]LHKHQ MHGRFK VSLHOHQ
)RUGHUXQJHQ QDFK P|JOLFKVW VFKQHOOHP 0DUNWHLQWULWW
ÄWLPHWRPDUNHW³ XQG GDGXUFK JHWULHEHQ DXFK QDFK
HLQHUKRKHQ:LHGHUYHUZHQGEDUNHLWÄUHXVDELOLW\³YRQ
'HVLJQV LQ =HLWHQ JURHQ 3UHLV XQG.RQNXUUHQ]GUX
FNHV  GHQHQ LQGXVWULHOOH ,&8QWHUQHKPHQ DXVJHVHW]W
VLQGHLQHZLFKWLJH5ROOH
$EELOGXQJ ]HLJW GLH.OXIW]ZLVFKHQGHU UDVFKDQ
VWHLJHQGHQ 'HVLJQ.RPSOH[LWlW XQG GHU QDFKKLQNHQ
GHQ 'HVLJQ3URGXNWLYLWlW 'HVLJQ *DS 'DUDXV OlVVW
VLFK VFKOXVVIROJHUQ GDVV GLH (QWZLFNOXQJ YRQ ('$
6RIWZDUH IU DQDORJH ,&V GHXWOLFK KLQWHU GHP%HGDUI
GHULQGXVWULHOOHQ$QZHQGHU]XUFNEOHLEW1XQLVWHVDQ
GHU ('$&RPPXQLW\ GLH +HUDXVIRUGHUXQJ DQ]XQHK
PHQGLHVH.OXIWPLW+LOIHQHXHULQQRYDWLYHU$XWRPD
WLRQVDQVlW]HIUGLH'HVLJQ:HUN]HXJH]XYHUULQJHUQ
'LHELVKHUYHUIROJWHQ$QVlW]HLP$QDORJEHUHLFKEOLH
EHQPHLVWLPDNDGHPLVFKHQ6WDGLXPVWHFNHQ$OV%HL
VSLHONDQQKLHUGDV2SWLPLHUXQJVWRRO237,0$1]XVDP
PHQPLW,6$$&HLQHPJUDILVFKHQ6LPXODWRUJHQDQQW
ZHUGHQ >@+LHUEHL EHUQLPPW ,66$&GLH0RGHOOLH
.RQ]HSWVWXGLHHLQHVGXUFKJlQJLJDXI
SDUDPHWULVLHUWHQ0RGXOJHQHUDWRUHQEDVLHUHQGHQ
(QWZXUIVIOXVVHVIU$QDORJGHVLJQ
0DWWKLDV*UHLI'DQLHO0DUROW-UJHQ6FKHLEOH


0DWWKLDV*UHLI'DQLHO0DUROW-UJHQ6FKHLEOH^PDWWKLDVJUHLIGD
QLHOPDUROW MXHUJHQVFKHLEOH`#UHXWOLQJHQXQLYHUVLW\GH 5REHUW
%RVFK =HQWUXP IU /HLVWXQJVHOHNWURQLN +RFKVFKXOH 5HXWOLQJHQ
5HXWOLQJHQ


$EELOGXQJ 'HVLJQ.RPSOH[LWlWXQG3URGXNWLYLWlWEHUGLHOHW]
WHQ ]ZHL 'HNDGHQ (4XHOOH KWWSZZZHHWLPHVFRPGRFXPHQW
DVS"GRFBLG 

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UXQJGHU6FKDOWXQJDQVFKOLHHQGZLUGGLH'LPHQVLR
QLHUXQJ GHV HQWZLFNHOWHQ 6FKDOWXQJV0RGHOOV LQ
237,0$1 PLWWHOV HLQHV simulated annealing 9HUIDK
UHQVRSWLPLHUW:HLWHUHDNDGHPLVFKH%HLVSLHOHVLQGXQ
WHU$QGHUHP67$,&>@RGHU,'$&>@
$XFKNRPPHU]LHOOH7RROVZLH]XP%HLVSLHO$1$/2*
,16<'(6 6721( YRQ ,3*(1 RGHU $1$&21'$ YRQ
6$*$17(&ZHUGHQ DXIGHP0DUNW DQJHERWHQ VWRHQ
DEHU DXI ZHQLJ $N]HSWDQ] EHLP $QDORJ'HVLJQHU
*UQGH KLHUIU VLQGYRQ XQWHUVFKLHGOLFKHU1DWXU ZLH
HWZDGDV0LVVWUDXHQLQ$XWRPDWLVLHUXQJVDQVlW]HHLQHV
IDFKIUHPGHQ3URJUDPPLHUHUVRGHUGLH$EQHLJXQJGLH
EHZlKUWH JUDILVFKPDQXHOOH (LQJDEHPHWKRGH GXUFK
HLQH NU\SWLVFKH .RQVROHQHLQJDEH ]X HUVHW]HQ 8QVHU
$QVDW]XQWHUVFKHLGHWVLFKKLHUYRQGHQELVKHULJHQ%LV
]XPKHXWLJHQ=HLWSXQNWVLQGGLHPHLVWHQ$QVlW]H]XU
$XWRPDWLVLHUXQJGHV$QDORJ)ORZVDOJRULWKPLVFKXQG
VLPXODWLRQVWHFKQLVFK JHSUlJWH 2SWLPLHUXQJVYHUIDKUHQ
IUGHQ'HVLJQVFKULWWGHU'LPHQVLRQLHUXQJHLQHU6FKDO
WXQJ >@ $QGHUH $QVlW]H GHILQLHUHQ DEVWUDNWH %H
VFKUHLEXQJVVSUDFKHQ ]XU (LQJDEH YRQ KLHUDUFKLVFKHQ
6FKDOWXQJVEHVFKUHLEXQJHQ ZHOFKH ]XVDPPHQPLW HL
QHPV\PEROLVFKQXPHULVFKHQ*OHLFKXQJVVLPXODWRU]X
ÄIODFKHQ³ 0RGHOO/|VXQJHQ HQWVSUHFKHQG GHU GXUFK
GHQ $QZHQGHU GHILQLHUWHQ 7RSRORJLH XQG 3HUIRU
PDQFH'HILQLWLRQ IKUW >@ 'DV KLHU EHVFKULHEHQH
.RQ]HSWGHUSDUDPHWHUJHVWHXHUWHQ*HQHUDWRUHQIUGHQ
6FKDOWXQJVHQWZXUIÄ)URQWHQG³DXI0RGXOHEHQHELHWHW
GDEHLHLQHQSUDNWLNDEOHQXQGELVKHUQLFKWH[SOL]LWYHU
IROJWHQ$QVDW]GLH'HVLJQ(IIL]LHQ]]XHUK|KHQ
'LHYRUOLHJHQGH$UEHLWEDXWVLFKZLH IROJWDXI$E
VFKQLWW,,]HLJWGHQ6WDQGGHU7HFKQLNSDUDPHWHUJHVWHX
HUWHU*HQHUDWRUHQXQGJLEWHLQHQ(LQEOLFNLQGHUHQ(L
JHQVFKDIWHQ XQG9RUWHLOH.DSLWHO ,,, JLEW HLQHhEHU
VLFKW]XP*HVDPWNRQ]HSWSDUDPHWHUJHVWHXHUWHU6FKDOW
SODQ*HQHUDWRUHQ Ä6FKHPDWLF 0RGXO3&HOOV³ XQG
VWHOOW GHQ *HVDPWHQWZXUIVIOXVV DXI 0RGXOHEHQH GDU
+LHUEHLXQWHUVFKHLGHQZLU]ZLVFKHQGHP(QWZXUIDXV
6LFKWGHV3&HOO(QWZLFNOHUVXQGDXV6LFKWGHVVSlWHUHQ
$QZHQGHUV GHU HUVWHOOWHQ 3&HOO ,Q ,9 ZLUG GHU (QW
ZXUIVSUR]HVVHLQHV6FKDOWSODQ0RGXO*HQHUDWRUVDXI
JH]HLJW$QVFKOLHHQG IROJWHLQ,PSOHPHQWLHUXQJVEHL
VSLHOHLQHVSDUDPHWULVLHUWHQ6FKDOWSODQVPLWHLQHPDE
VFKOLHHQGHQ)D]LW
,, 3$5$0(7(5*(67(8(57(*(1(5$725(1
0LW SDUDPHWHUJHVWHXHUWHQ *HQHUDWRUHQ OlVVW VLFK
QLFKWQXUGLH'HVLJQ(IIL]LHQ]VRQGHUQDXFKGLH4XD
OLWlW GHV'HVLJQ(UJHEQLVVHV VLJQLILNDQW VWHLJHUQ %HL
GHQSDUDPHWHUJHVWHXHUWHQ*HQHUDWRUHQKDQGHOWHVVLFK
XP$EODXIVNULSWHZHOFKHDXI*UXQGODJHYRQ([SHUWHQ
ZLVVHQHUVWHOOWZHUGHQXQGGDV9RUJHKHQGHVPHQVFK
OLFKHQ'HVLJQHUV QDFKDKPHQ  'DV EHGHXWHW HLQ ([
SHUWH±KLHUDXIGHP*HELHWGHV$QDORJ'HVLJQV±QXW]W
VHLQH([SHUWLVHGDIUHLQHQ&RGHEDVLHUWHQ*HQHUDWRU
]XHUVWHOOHQZHOFKHUGLH(LJHQVFKDIWEHVLW]WGDVLQNOX
GLHUWH ([SHUWHQZLVVHQ MHGHU]HLW XQG XQDEKlQJLJ YRQ
GHU 'HVLJQHUIDKUXQJ GHV $QZHQGHUV UHSURGX]LHUEDU
ZLHGHU]XJHEHQ3DUDPHWHUJHVWHXHUWH*HQHUDWRUHQVLQG
EHUHLWVKHXWHJlQJLJHU*HEUDXFKLQGHU/D\RXW(UVWHO
OXQJ (LQ VHKU ZHLW YHUEUHLWHWHU $QVDW] LVW GDV VRJH
QDQQWHPCell.RQ]HSW GHV 86DPHULNDQLVFKHQ ('$
6RIWZDUH$QELHWHUV &$'(1&('(6,*16<67(06 ED
VLHUHQG DXI GHU ZHUN]HXJVSH]LILVFKHQ 6NULSWVSUDFKH
6.,//$QGHUH('$)LUPHQVHW]HQDXIDOOJHPHLQYHU
IJEDUH 3URJUDPPLHUVSUDFKHQ ZLH ]XP %HLVSLHO
6<1236<6GHUHQVRJHQDQQWHÄPyCells“LQGHU2SHQ
6RXUFH6SUDFKH 3\WKRQ LPSOHPHQWLHUW ZHUGHQ $XI
JUXQGGHUPDUNWEHKHUUVFKHQGHQ6WHOOXQJGHU&DGHQFH
:HUN]HXJH LP%HUHLFKGHVDQDORJHQ,&(QWZXUIVKDW
VLFKLQGHU)DFKVSUDFKHGHU1DPH3&HOOVDOV6\QRQ\P
IUSDUDPHWHUJHVWHXHUWH*HQHUDWRUHQHLQJHEUJHUWXQG
ZLUGGHVKDOELP)ROJHQGHQDXFKKLHUYHUZHQGHW
,P/D\RXWKlXILJDXFKDOVÄ%DFNHQG³EH]HLFKQHWLVW
GLH9HUZHQGXQJYRQ3&HOOV6WDQGGHU7HFKQLNDOOHU
GLQJV]LHOWGLH$QZHQGXQJPHLVWDXIHLQ]HOQHSDUDPHW
ULVLHUWH %DXHOHPHQWH DE:HLWHUH 9RUWHLOH GHV 3&HOO
.RQ]HSWVVLQG
x (UK|KWHU$XWRPDWLVLHUXQJVJUDGVRPLW=HLWHUVSDU
QLVEHLGHU/D\RXW(UVWHOOXQJ
x 5HSURGX]LHUEDUHJXWH/D\RXW(UJHEQLVVH
x ,QNOXGLHUWHV ([SHUWHQZLVVHQ (UJHEQLV LVW QLFKW
YRQGHU([SHUWLVHGHV%HQXW]HUV$QZHQGHUVDE
KlQJLJ
x (UJHEQLVLVWYHUJOHLFKEDUPLWJXWHP+DQGHQWZXUI
DEKlQJLJYRQGHU([SHUWLVHGHV3&HOO(QWZLFN
OHUV
x ,PSOL]LWHYHUOXVWIUHLH8PVHW]XQJYRQ&RQVWUDL
QWVVFKDOWXQJVWHFKQLVFKH5DQGEHGLQJXQJHQ
0RGHUQH(QWZLFNOXQJHQZLHGHU3&HOO'HVLJQHUELH
WHQ GHP /D\RXW(QWZLFNOHU HLQH JUDILVFKH %HQXW]HU
REHUIOlFKHZHOFKH LKPGLH(QWZLFNOXQJ YRQ0RGXO
3&HOOVHQWVFKHLGHQGHUOHLFKWHUWGDGLHVHGLHJUDILNED
VLHUWH$UEHLWVZHLVHGHU/D\RXWHUXQWHUVWW]WXQGGDPLW
LKUHU 'HQNZHLVH HQWJHJHQNRPPW $OV )ROJH GDUDXV
HUJLEWVLFKQXQGLH0|JOLFKNHLWGDV.RQ]HSWGHUSDUD
PHWHUJHVWHXHUWHQ*HQHUDWRUHQDXFKDXIJDQ]H0RGXOH
DOVR NRPSOHWWH 6FKDOWXQJHQ RGHU 6FKDOWXQJVWHLOH LP
/D\RXWDQ]XZHQGHQ'LHVH0RGXOHLP%DFNHQGHQWKDO
WHQHLQH9LHO]DKODQZLHGHUXPSDUDPHWULVLHUWHQ%DXHOH
PHQWHQXQGGHUHQ9HUELQGXQJHQ'LH:HLWHUHQWZLFN
OXQJ ]XU 0RGXO3&HOO LP 'HVLJQ)ORZ LQWHJULHUWHU

$EELOGXQJ  6FKHPDWLF'ULYHQ/D\RXW 6'/ 'HVLJQ )ORZ ,
.RQYHQWLRQHOOHU6'/)ORZ ,,(QWZXUIVIOXVVPLW/D\RXW0RGXO
3&HOO,,,(LQKHLWOLFKHU6'/)ORZDXI0RGXOHEHQH
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KONZEPTSTUDIE EINES ENTWURFSFLUSSES 
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6FKDOWXQJHQ IKUW DOOHUGLQJV ]X HLQHP 1DFKWHLO (V
HUJLEW VLFKHLQ+LHUDUFKLHEUXFK LP'HVLJQIOXVV1DFK
GHP*DMVNL'LDJUDPP>@DXFKDOV<'LDJUDPPEH
NDQQWHUJHEHQVLFKGLH$EVWUDNWLRQVHEHQHQ9HUKDOWHQ
6WUXNWXUXQG*HRPHWULHLQ$EELOGXQJDOVBehavio-
ralStructuralXQGPhysical DomainEHVFKULHEHQ ,Q
GHU $EELOGXQJ VLQG DXI GHU [$FKVH GLH 'RPlQHQ
Ä6LFKWHQ³XQGDXIGHU\$FKVHGLH+LHUDUFKLHVWXIHQ
DEJHWUDJHQ'XUFKGLH(LQIKUXQJHLQHU/D\RXW0RGXO
3&HOO /03&HOO UHVXOWLHUW HLQ :HFKVHO GHU +LHUDU
FKLHHEHQHQ DP hEHUJDQJ ]ZLVFKHQ GHQ 'RPlQHQ
$EELOGXQJ(QWZXUIVIOXVV,,+LHUDUFKLHEUFKHYHU
KLQGHUQGLH'XUFKJlQJLJNHLWGHV(QWZXUIVIOXVVHV(LQH
IODFKH6FKDOWXQJDXI6WUXNWXUHEHQHYHUKLQGHUWGLH.RU
UHVSRQGHQ]GHV6'/)ORZVZHOFKHQXULQQHUKDOEHLQHU
$EVWUDNWLRQVHEHQH IXQNWLRQLHUW =LHO GHU :HLWHUHQW
ZLFNOXQJ LVW GDKHU HLQH JUXQGVlW]OLFKH 9HUPHLGXQJ
YRQ+LHUDUFKLHEUFKHQPLWGHP=LHOHLQHVGXUFKJlQJL
JHQ6'/(QWZXUIVIOXVVHVDXI0RGXO(EHQH+LHUIULVW
IUGLH/03&HOOHLQNRUUHVSRQGLHUHQGHV'HVLJQ(OH
PHQWLQGHU6WUXNWXUGRPlQH]XVFKDIIHQ'LHVHEHVWHKW
LQHLQHPSDUDPHWULVLHUWHQ6FKDOWSODQGHQZLUHEHQIDOOV
PLWGHP3&HOO.RQ]HSWUHDOLVLHUHQXQGGDKHUDOV6FKH
PDWLF0RGXO3&HOO Ä603&HOO³ EH]HLFKQHQ 'LHVHU
$QVDW]LVWLQ$EELOGXQJ(QWZXUIVIOXVV,,,GDUJHVWHOOW
,,, .21=(37'(5603&(//
(LQZLFKWLJHU3XQNWGLH$N]HSWDQ]GHV'HVLJQHUVJH
JHQEHU GHP DQDORJHQ $XWRPDWLRQVWRRO ]X HUK|KHQ
LVWGHP'HVLJQHUZlKUHQGGHVJHVDPWHQ'HVLJQ)ORZV
GLHYROOVWlQGLJH.RQWUROOHEHUGLH6FKDOWXQJVHQWZLFN
OXQJ]XJHZlKUOHLVWHQ'LHVHU3XQNWZXUGHEHLYLHOHQ
ELVKHULJHQ$QVlW]HQQLFKW H[SOL]LWEHUFNVLFKWLJW(LQ
QLFKWDOJRULWKPLVFKHU*HQHUDWRU$QVDW]EHUXKHQGDXI
([SHUWHQZLVVHQ]XVDPPHQPLWGHU(LQELQGXQJHLQHV
7RROV]XU*HQHUDWRUHQWZLFNOXQJLQHLQHGHP'HVLJQHU
EHNDQQWH (QWZXUIVXPJHEXQJ IKUW XQVHUHU 0HLQXQJ
QDFK ]X HLQHU K|KHUHQ$N]HSWDQ] GXUFK GHQ$QDORJ
(QWZLFNOHU'HU LP)ROJHQGHQEHVFKULHEHQHPHWKRGL
VFKH%RWWRP8S$QVDW]ZHOFKHUJOHLFK]HLWLJHLQH(U
ZHLWHUXQJGHVEHZlKUWHQ6'/)ORZVGDUVWHOOWVROOGHQ
'HVLJQHUQLFKW]XHLQHU$ENHKUYRQ$OWEHZlKUWHPEH
ZHJHQ VRQGHUQ HLQH HYROXWLRQlUH:HLWHUHQWZLFNOXQJ
GHUELVKHULJHQDQDORJHQ'HVLJQ0HWKRGLNGDUVWHOOHQ
'DV603&HOO.RQ]HSWVROOGHP$QDORJ(QWZLFNOHU
HLQ VHLQHU (QWZXUIVPHWKRGLN QDFKHPSIXQGHQHV
:HUN]HXJ ]XU 6FKDOWXQJVJHQHULHUXQJ ELHWHQ (V JHKW
GDEHLQLFKWXPHLQHQZHLWHUHQ9HUVXFKHLQHUYROODXWR
PDWLVFKHQ6FKDOWXQJVV\QWKHVH9LHOPHKUVROOHLQ9HU
IDKUHQHQWZLFNHOWZHUGHQZHOFKHVGHQ(QWZLFNOHUXQ
WHU(LQEH]LHKXQJYRQ([SHUWHQZLVVHQXQWHUVWW]W'DV
*HVDPWNRQ]HSWJOLHGHUWVLFKLQ]ZHLYHUVFKLHGHQH(QW
ZXUIVIOVVH XQG VROOWH ]ZLVFKHQ GHQ 6LFKWZHLVHQ GHV
3&HOO(QWZLFNOHUVXQGGHV3&HOO$QZHQGHUVGLIIHUHQ
]LHUHQ $EELOGXQJ  ]HLJW GLH EHLGHQ (QWZXUIVIOVVH
LQNOXVLYHGHV%DFNHQG(QWZXUIVIOXVVHVPLWGDUJHVWHOO
WHU /D\RXW 0RGXO3&HOO $XI GHQ /D\RXW(QWZXUI
ZLUGLP5DKPHQGLHVHV$UWLNHOVQLFKWZHLWHUHLQJHJDQ
JHQ +RUL]RQWDO GDUJHVWHOOW LVW GHU (QWZXUIVIOXVV IU
GHQ603&HOO*HQHUDWRUDXVGHU6LFKWGHV3&HOO(QW
ZLFNOHUV9HUWLNDOGDUJHVWHOOW LVWGHU(QWZXUIVIOXVVIU
GLH(LQJDQJVSDUDPHWHU GHU 603&HOO DXV$QZHQGHU
VLFKW%HLGH(QWZXUIVIOVVH HQWKDOWHQ6FKDOWXQJVNODV
VHQVSH]LILVFKH (LJHQVFKDIWHQ XQG PVVHQ IU MHGH
6FKDOWXQJVNODVVHLQGLYLGXHOOHUVWHOOWZHUGHQ'DV.RQ
]HSW EHJUQGHW ]ZDU HLQHQ HLQPDOLJHQ0HKUDXIZDQG
EHL GHU (U]HXJXQJ GHU VSH]LILVFKHQ .RPSRQHQWHQ

$EELOGXQJ*HVDPWNRQ]HSW6FKHPDWLF0RGXO3&HOODXV'HVLJQHU8VHUXQG603&HOO(QWZLFNOHU6LFKW
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$XIJDEHGHV3&HOO(QWZLFNOHUVHUJLEWDEHUHLQHQLP
PHQVHQ9RUWHLOEHLGHU:LHGHUYHUZHQGXQJUHXVHDXI
*UXQG GHV *HQHUDWRU&KDUDNWHUV 3&HOO$QZHQGHU
,P)ROJHQGHQVROOHQGLH]ZHL DQJHGDFKWHQ(QWZXUIV
IOVVHDXV$QZHQGHUXQG(QWZLFNOHUVLFKWNRQNUHWLVLHUW
ZHUGHQ
A. Die SM-PCell aus Anwendersicht 
:LUEHWUDFKWHQ]XQlFKVWGHQ(QWZXUIVIOXVVDXV6LFKW
GHV$QZHQGHUVGHU603&HOO'LHVHUQXW]WGLHLQ7HLO
%EHVFKULHEHQHQXQWHUVWW]HQGHQ(QWZXUIVZHUN]HXJH
$OOJHPHLQEHVWHKWGLH$XIJDEHGDULQDXVGHQIUGHQ
6FKDOWXQJVHQWZLFNOHU UHOHYDQWHQ 6FKDOWXQJVHLJHQ
VFKDIWHQ LP )ROJHQGHQ DOV Ä3HUIRUPDQFH3DUDPHWHU³
EH]HLFKQHW XQG LQ $EELOGXQJ  REHQ GDUJHVWHOOW GLH
6FKDOWSODQSDUDPHWHU Ä6FKHPDWLF3DUDPHWHU³ ]X JH
QHULHUHQ'LHVLVWJOHLFKEHGHXWHQGPLWGHUhEHUWUDJXQJ
HLQHU6SH]LILNDWLRQLQHLQHQHOHNWULVFKHQ6FKDOWSODQXQG
VWHOOWGDPLWQLFKWVDQGHUHVGDUDOVGLHRULJLQlUH$XIJDEH
GHU6FKDOWXQJVHQWZLFNOXQJVHOEVW'DEHLVROOGHP$Q
ZHQGHUHLQ LQWHUDNWLYHVXQG WHLODXWRPDWLVLHUWHV:HUN
]HXJ]XU9HUIJXQJVWHKHQLPZHLWHUHQ9HUODXIDXFK
DOV'HVLJQ$VVLVWHQWEH]HLFKQHW'LHDXVGLHVHP(QW
ZXUIVIOXVVHUPLWWHOWHQ6FKHPDWLF3DUDPHWHUZHUGHQDQ
GLH603&HOOZHLWHUJHJHEHQZHOFKHGDUDXVGHQIHUWL
JHQ6FKDOWSODQJHQHULHUW
.RQNUHW VROO GHU (QWZXUIVIOXVV ZLH IROJW DXVVHKHQ
'HU $QZHQGHU GHILQLHUW ± DXFK DXI *UXQGODJH GHU
6FKDOWXQJVVSH]LILNDWLRQ ± GLH VSH]LILVFKHQ 3HUIRU
PDQFH3DUDPHWHUZLH]XP%HLVSLHOgainpower con-
sumption, bandwidthXYP'LHVHZHUGHQGHP'HVLJQ
$VVLVWHQWHQLQ$EELOGXQJDOVSemi-Automatic inter-
active Design-AssistantEH]HLFKQHWDOV(LQJDQJVZHUWH
EHUJHEHQ'HU'HVLJQ$VVLVWHQWVROODQKDQGDOJRULWK
PLVFKRSWLPLHUHQGHU 9HUIDKUHQ XQWHU (LQEH]LHKXQJ
GHV HQWKDOWHQHQ IRUPDOLVLHUWHQ XQG QLFKWIRUPDOLVLHU
WHQ ([SHUWHQZLVVHQV XQG GXUFK ,QWHUDNWLRQ PLW GHP
$QZHQGHUGLHVHQGDEHLXQWHUVWW]HQGLHHQWVSUHFKHQ
GHQ 6FKDOWSODQSDUDPHWHU ]X 7RSRORJLH'LPHQVLRQLH
UXQJXQG&RQVWUDLQWV]XHUPLWWHOQ'LH6FKDOWSODQSDUD
PHWHU ZHUGHQ DOV (LQJDQJVSDUDPHWHU DQ GHQ 6FKDO
WXQJVJHQHUDWRU 603&HOOZHLWHUJHUHLFKW'HU*HQH
UDWRUHQWZLFNHOWGDUDXVGHQGLPHQVLRQLHUWHQ6FKDOWSODQ
=XVDPPHQJHIDVVW HU]HXJW GHU 'HVLJQ$VVLVWHQW DXV
GHQ3HUIRUPDQFH3DUDPHWHUQGLHIUGLH603&HOOEH
Q|WLJWHQ6FKDOWSODQSDUDPHWHUVlW]H]X7RSRORJLH%DX
WHLOHGLPHQVLRQLHUXQJXQG&RQVWUDLQWV
B. Die SM-PCell aus Entwicklersicht 
%HLGHU%HVFKUHLEXQJGHU9RUJHKHQVZHLVHDXV6LFKW
GHV$QZHQGHUVZXUGHQVRZRKOGHU6FKDOWXQJVJHQHUD
WRU603&HOODOVDXFKGHU'HVLJQ$VVLVWHQWDOVJHJH
EHQEHWUDFKWHW'LHVLVW±]XPLQGHVWEHLGHU(UVWLPSOH
PHQWDWLRQGHU6FKDOWXQJVNODVVH±QLFKWGHU)DOO'DKHU
VROO LP )ROJHQGHQ GHU (QWZXUIVIOXVV DXV 6LFKW GHV
3&HOO(QWZLFNOHUVQlKHUHUOlXWHUWZHUGHQ%HLGHU(QW
ZLFNOXQJ GHV6FKDOWXQJVNODVVHQVSH]LILVFKHQ'HVLJQ
$VVLVWHQWHQVROOGDV(UIDKUXQJVZLVVHQHLQHV'HVLJQHUV
HIIL]LHQWHUIDVVWXQGYHUIJEDUJHPDFKWZHUGHQ+LHU
IU VROOWHQ GHP (QWZLFNOHU XQWHUVWW]HQGH0HWKRGHQ
DQJHERWHQ ZHUGHQ ZLH HWZD LQWHUDNWLYH :HUN]HXJH
GHUHQ VSH]LILVFKH2EHUIOlFKH GHU$UEHLWV XQG'HQN
ZHLVH GHU 6FKDOWXQJVHQWZLFNOHU VR QDKHZLHP|JOLFK
NRPPW YJO KLHU]X $EELOGXQJ  -H EHVVHU GLHV JH
OLQJWXPVRHKHUVLQGGLH'HVLJQHUEHUHLWPLWDQJHER
WHQHQ:HUN]HXJHQ ]X DUEHLWHQ XQG XPVR XPIDQJUHL
FKHUZLUG GDV LP6FKDOWSODQJHQHUDWRU HLQJHEDXWH([
SHUWHQZLVVHQVHLQ'DQHEHQVROOWHQ0|JOLFKNHLWHQGHU
$XWRPDWLVLHUXQJLQ7HLOVFKULWWHQVRZHLWDOVP|JOLFKJH
QXW]WZHUGHQVRGDVVLP(UJHEQLVHLQWHLODXWRPDWLVLHU
WHVLQWHUDNWLYHV9HUIDKUHQHQWVWHKWGDVGHQ'HVLJQHULQ
VHLQHU(QWZLFNOXQJVDUEHLWXQWHUVWW]W:LFKWLJLVWKLHU
EHL GHQ*UDGGHUJHSODQWHQ*HQHUDOLVLHUXQJQLFKW ]X
JUR]XZlKOHQXPGLH5HDOLVLHUEDUNHLWGHV9RUKDEHQV
QLFKW]XJHIlKUGHQ
:LHEHUHLWVHUZlKQWLVWLQ$EELOGXQJKRUL]RQWDOGHU
(QWZXUIVIOXVVIUGHQ6FKDOWSODQJHQHUDWRU603&HOO
GDUJHVWHOOW'HU603&HOO'HVLJQHUVROOLQ$QOHKQXQJ
DQ GHQ YRQ &$'(1&( HQWZLFNHOWHQ 3&HOO 'HVLJQHU
HLQH 'HVLJQXPJHEXQJ PLW HQWVSUHFKHQGHQ:HUN]HX
JHQ ]XU 9HUIJXQJ VWHOOHQ ZHOFKH GHQ 603&HOO
(QWZLFNOHU EHL GHU (UVWHOOXQJ GHU 6FKDOWXQJVNODVVHQ
VSH]LILVFKHQ603&HOOXQWHUVWW]W:LHLQGHU'DUVWHO
OXQJ]XHUNHQQHQLVWEHVWHKWGLH'HVLJQXPJHEXQJDXV
HLQHU JUDILVFKHQ %HQXW]HUREHUIOlFKH *8, XQG HLQHU
ÄGDUXQWHUOLHJHQGHQ³ FRGHEDVLHUWHQ %HVFKUHLEXQJV
VSUDFKH 3&'6 ]XU 8PVHW]XQJ GHU *8,JHVWW]WHQ
%HQXW]HUHLQJDEHQ LQ GHQ HQWVSUHFKHQGHQ *HQHUDWRU
&RGH*UXQGODJHIUGLH(UVWHOOXQJGHV*HQHUDWRUVELO
GHWGLHGHP6FKDOWXQJV'HVLJQHUEHNDQQWH6FKDOWSODQ
(QWZXUIVXPJHEXQJVFKHPDWLFHGLWRU'LHLQGLH*8,
GHV]XHQWZLFNHOQGHQ603&HOO'HVLJQHUVHLQJHJHEH
QHQ,QIRUPDWLRQHQZHUGHQLPVFKHPDWLFHGLWRUDOVSD
UDPHWULVLHUWHU6FKDOWSODQZLHGHUJHJHEHQ'LHELOGOLFKH
'DUVWHOOXQJHQWVSULFKWGHPDNWXHOOHQ*HQHUDWRU(UJHE
QLV
=LHOGHV.RQ]HSWHVLVWIUMHGH6FKDOWXQJVNODVVHHL
QHQVSH]LILVFKHQ*HQHUDWRUEHUHLW]XVWHOOHQGHUDXI%D
VLVGHU(LQJDQJV3DUDPHWHUVlW]H7RSRORJLH%DXWHLOH
GLPHQVLRQLHUXQJ XQG &RQVWUDLQWV GHV 'HVLJQ$VVLV
WHQWHQGLHHQWVSUHFKHQGH0RGXO,QVWDQ]$UFKLWHFWXUH
DXVJLEW YJO KLHU]X$EELOGXQJ  (LQH0RGXO3&HOO
NDQQPHKUHUH6FKDOWXQJV$UFKLWHNWXUHQHQWKDOWHQHLQH
6FKDOWXQJV,QVWDQ]LVWDEHUQXUHLQHU0RGXO3&HOO]X
JHK|ULJ
,PZHLWHUHQ9HUODXIVROODP%HLVSLHOGHULQWHUDNWLYHQ
(QWZXUIVXPJHEXQJ IUGHQ6FKDOWSODQJHQHUDWRU 60
3&HOO HLQH )XQNWLRQDOLWlWVEHVFKUHLEXQJ Ä8VH0R
GHO³ YRUJHVWHOOW ZHUGHQ 'LH (QWZXUIVXPJHEXQJ IU
GHQ'HVLJQ$VVLVWHQWHQVROOHLQHlKQOLFKH)XQNWLRQDOL
WlWEHUHLWVWHOOHQZLUGDEHUDQGLHVHU6WHOOHQLFKWZHLWHU
HUOlXWHUW1DFK$EELOGXQJXQWHUVFKHLGHQZLUEHLGHU
603&HOO]ZLVFKHQGHQGUHL%HUHLFKHQGHU(LQJDQJV
3DUDPHWHUVlW]H 7RSRORJLH %DXWHLOHGLPHQVLRQLHUXQJ
XQG&RQVWUDLQWVZHOFKH LP)ROJHQGHQ QXQ QlKHUEH
VFKULHEHQZHUGHQVROOHQ
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KONZEPTSTUDIE EINES ENTWURFSFLUSSES 
FÜR ANALOGDESIGN




1) Topologie 
-HGH6FKDOWXQJVNODVVHNDQQDXIHLQH*UXQGWRSRORJLH
]XUFNJHIKUW ZHUGHQ $QKDQG GLHVHU *UXQGVWUXNWXU
HQWZLFNHOQZLUGLH)UHLKHLWVJUDGHGHU3&HOOXQGGHIL
QLHUHQGHUHQ3DUDPHWHUVlW]HXQGGHQJOWLJHQ3DUDPH
WHUUDXP'LH(UZHLWHUXQJHQZHUGHQPLW+LOIHHLQIDFKHU
LIWKHQHOVH)XQNWLRQHQUHDOLVLHUW
x 'HILQLWLRQGHU*UXQGVWUXNWXU
x 5HODWLYH 3ODW]LHUXQJ GHU (LQ]HONRPSRQHQWHQ
GDGXUFKNHLQHhEHUODJHUXQJ
x (LQIDFKHU:HFKVHO]ZLVFKHQQ026XQGS026
9DULDQWHJHQHULVFKH)XQNWLRQ$XWR)OLSSLQJ
x 6LPSOH(UZHLWHUEDUNHLWGHU6FKDOWXQJXP]%
- .DVNRGH6WURPVSLHJHO
- (1$%/()XQNWLRQ$EELOGXQJ
x 6HW]HQYRQ/D\RXW&RQVWUDLQWVZLH
- 0DFKLQJ
- 6WURPNULWLVFKH3IDGH
- /HLWXQJVDEVWlQGH
x 7UHQQXQJ]ZLVFKHQ0RGXO6\PEROXQG6FKDOW
SODQ0RGXO
$OV+LOIVPLWWHO VWHKHQQHEHQ HLQIDFKHQ2SHUDWLRQHQ
ZLHGDV3ODW]LHUHQHLQ]HOQHU%DXWHLOHDXFKJDQ]H%DX
WHLO0RGXOHZLHHWZD(LQJDQJV$XVJDQJVRGHU'LI
IHUHQ]VWXIHQ0RGXOH 6WURPVSLHJHO0RGXOH HWF ]XU
9HUIJXQJ'LHDQJHJHEHQHQ%DXWHLO0RGXOHN|QQHQ
RKQH:HLWHUHVHUZHLWHUWZHUGHQ%HLVSLHOHKLHUIUILQ
GHWPDQXQWHUDQGHUHPLQ>@8PHLQHXPIDQJUHLFKH
%DXWHLO0RGXO%LEOLRWKHNEHUVLFKWOLFK]XKDOWHQNDQQ
GLH *HQHUDWRU(QWZXUIVXPJHEXQJ XP HLQH %LEOLR
WKHNVYHUZDOWXQJ/LEUDU\0DQDJHU%URZVHULQNOXVLYH
)LOWHUXQG6XFKIXQNWLRQHUJlQ]WZHUGHQ'LHVH(UZHL
WHUEDUNHLWELHWHWGLH0|JOLFKNHLWDXFKXQWHUQHKPHQV
VSH]LILVFKHV .QRZKRZ LQ GLH 0RGXO%LEOLRWKHN GHV
603&HOO(QWZLFNOXQJVWRROVHLQIOLHHQ]XODVVHQ
*UXQGVlW]OLFKJLOWGDVV MHGHU'HVLJQHU VHLQHQHLJH
QHQ/D\RXW6WLO LQ%H]XJDXIGLH$QRUGQXQJGHUHLQ
]HOQHQ%DXWHLONRPSRQHQWHQ HLQHV6FKDOWSODQHV VFKH
PDWLFHQWZLFNHOW%HLHLQHU$XWRPDWLVLHUXQJZLUGGHP
$QZHQGHUPHLVW HLQ ZHQLJ VHLQHV (QWVFKHLGXQJVIUHL
UDXPHVDEJHQRPPHQ$XVGHUGLJLWDOHQ6FKDOWXQJVV\Q
WKHVH VLQG ]XP 7HLO KDDUVWUlXEHQGH 6FKDOWELOGHU
6FKDOWSODQ$EELOGHU GXUFK 3ODW]LHUXQJVDOJRULWKPHQ
GXUFKDXVEHNDQQW'D LQGHPKLHUEHVFKULHEHQHQ$Q
VDW]GLH3ODW]LHUXQJGHU%DXHOHPHQWHQLFKWPLW+LOIHHL
QHV$OJRULWKPXVHUIROJWVRQGHUQYRQHLQHPHUIDKUHQHQ
'HVLJQHU YRUJHJHEHQ ZLUG LVW GLH $N]HSWDQ] HLQ
ÄPHQVFKOLFK³JHQHULHUWHV(UJHEQLVDQ]XQHKPHQGHXW
OLFKK|KHUDOV±LP*HJHQVDW]±HLQDOJRULWKPLVFKRSWL
PLHUWHV6FKDOWXQJV'HVLJQÄKLQ]XQHKPHQ³
2)  Dimensionierung 
'LH'LPHQVLRQLHUXQJGHU%DXWHLOHHUIROJWDXVVFKOLH
OLFKEHUGLH(LQJDQJVLQIRUPDWLRQHQBauteile-Dimen-
sionierung DXV GHP VHPLDXWRPDWLVFKHQ *HQHUDWRU
'HVLJQ$VVLVWHQW GHV $QZHQGHU(QWZXUIVIOXVVHV
YJOKLHU]XQRFKPDOV$EELOGXQJ'LH603&HOOHQW
KlOW OHGLJOLFK ,QIRUPDWLRQHQ ]XPJOWLJHQ3DUDPHWHU
5DXPXPHLQHIDOVFKH'LPHQVLRQLHUXQJPLWWHOVHLQHU
)HKOHUPHOGXQJDE]XIDQJHQVRIHUQGLHVHDXHUKDOEGHU
]XOlVVLJHQ*UHQ]HQOLHJW
3) Constraint-Handling 
1RWZHQGLJ LVW GHU (LQEH]XJ YRQ /D\RXW3DUDVLWHQ
ZLH]%,5'URS.ULWLVFKH3IDGHN|QQHQPLWHQWVSUH
FKHQGHQ/HLWXQJVZLGHUVWlQGHQYHUVHKHQZHUGHQGDPLW
GLH SDUDVLWlUHQ (LQIOVVH EHL GHU 6LPXODWLRQ EHUFN
VLFKWLJWZHUGHQ,P6FKDOWSODQVHOEHUVROOHQGLHVHDEHU
QLFKWVLFKWEDUVHLQ:HLWHUZLUGGHUHQWVSUHFKHQGH:L
GHUVWDQGVZHUW DOV 5DQGEHGLQJXQJ RGHU &RQVWUDLQW
/HLWXQJVOlQJH LQ'8 DQ GDV/D\RXW EHUJHEHQ XQG
GRUWEHLP=LHKHQGHU/HLWHUEDKQLQWHUDNWLYEHUFNVLFK
WLJW6ROOWHGHU/HLWXQJVZLGHUVWDQGEHLGHU/D\RXW*H
QHULHUXQJ QXQ DXI *UXQG GHU 6WUHFNHQOlQJH ]X KRFK
VHLQVRPXVVHQWZHGHUGLH/HLWXQJYHUEUHLWHUWRGHUGLH
/HLWXQJVOlQJHYHUNU]WZHUGHQ
(LQHZHLWHUHQW]OLFKH)XQNWLRQLVWHLQH9HUELQGXQJ
DOV 6WURPNULWLVFKH /HLWXQJ ]X NHQQ]HLFKQHQ 6RPLW
NDQQEHLGHU6LPXODWLRQGLH%HODVWXQJGHU/HLWXQJDX
WRPDWLVFK LQ GLH HQWVSUHFKHQGH &RQVWUDLQW PLQLPDOH
/HLWXQJVGLFNH LQ'8 EHL HQWVSUHFKHQGHU 6WURPEHODV
WXQJXPJHZDQGHOWXQGGHU/HLWXQJDQJHKHIWHWZHUGHQ
$XFK KLHU NDQQ EHL GHU /D\RXW*HQHULHUXQJ GLHVHV
&RQVWUDLQWH[SOL]LWPLWHLQJHEXQGHQXQGHLQH/HLWXQJV
EUHLWHXQWHUGHPJHJHEHQHQ:HUWEHUHLQH)HKOHUPHO

$EELOGXQJ0RGXO3&HOOXQGLKUH,QVWDQ]HQ$UFKLWHFWXUHV
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GXQJDEJHIDQJHQZHUGHQ'LH&RQVWUDLQWVZHUGHQDX
WRPDWLVFKPLW HLQEH]RJHQ XQG GLUHNW DQ GLH HQWVSUH
FKHQGH/D\RXW3&HOOZHLWHUJHUHLFKW'LHVHEHUFNVLFK
WLJW GLH HQWVSUHFKHQGHQ &RQVWUDLQWV OHW]WOLFK EHL GHU
/D\RXW(UVWHOOXQJ
'LHYROOVWlQGLJH8PVHW]XQJGHVKLHUEHVFKULHEHQHQ
603&HOO.RQ]HSWHV HUIROJW HUVW QDFK GHU (UVWHOOXQJ
HLQHV YROOVWlQGLJHQ 8VH0RGHO 'HQQRFK VROOHQ KLHU
QXQEHLVSLHOKDIWHLQLJH(LJHQVFKDIWHQDXIJHOLVWHWZHU
GHQ
x +RKHU)UHLKHLWVJUDG
x 0HKUHUH7RSRORJLHQLQHLQHU0RGXO3&HOO
x )UHLH 7UDQVLVWRUDXVZDKO Q026 S026 131
313
x 9DULDEOH%DXWHLOGLPHQVLRQLHUXQJLQHLQHPYRUGH
ILQLHUWHQ3DUDPHWHUUDXP
x )ODWWHQ)XQNWLRQ]XP(UVHW]HQGHU3&HOO,QVWDQ]
GXUFKGLHHQWVSUHFKHQGHLQWHUQH6FKDOWXQJ
x 'LIIHUHQ]LHUXQJ ]ZLVFKHQ6\PERO XQG GDUXQWHU
OLHJHQGHU6FKDOWXQJ
x 7HFKQRORJLHXQDEKlQJLJNHLW
x (LQEULQJXQJYRQ([SHUWHQZLVVHQ
- ,PSOL]LW GXUFK GLH $EELOGXQJ YRQ /|VXQJV
VWUDWHJLHQLQ*HQHUDWRUHQ
- ([SOL]LW GXUFK8QWHUVWW]XQJ IRUPDOHU&RQV
WUDLQWV
,9 '(6,*1)/2:(,1(5603&(//
,Q $EELOGXQJ  LVW VFKHPDWLVFK GHU (QWZXUIVIOXVV
'HVLJQ )ORZ HLQHU 6FKHPDWLF0RGXO3&HOO GDUJH
VWHOOW:LHEHUHLWVEHVFKULHEHQLVWGLH*HQHUDWRU8PVHW
]XQJ 6FKDOWXQJVNODVVHQVSH]LILVFK GDKHUPVVHQ GLH
LP )ROJHQGHQ EHVFKULHEHQHQ 3XQNWH IU MHGH 6FKDO
WXQJVNODVVH ZHOFKH QHX DOV 3&HOO HQWZLFNHOW ZHUGHQ
VROO GXUFKJHIKUW ZHUGHQ 6RPLW HUIROJW LP HUVWHQ
6FKULWW]XQlFKVWGLH)HVWOHJXQJE]ZGLH'HILQLWLRQGHU
6FKDOWXQJVNODVVH$QVFKOLHHQGILQGHWGLH([SORUDWLRQ
GHU6FKDOWXQJVNODVVHVWDWWEHLGHUDOOHFKDUDNWHULVLHUHQ
GHQ .HQQJU|HQ 3HUIRUPDQFH3DUDPHWHU HUPLWWHOW
ZHUGHQXQGGHUHQWVSUHFKHQGH3DUDPHWHU5DXPDEJH
VWHFNWZLUG(VN|QQHQ±SUDNWLVFKJHVHKHQ±QLFKWDOOH
EHVWHKHQGHQ 6FKDOWXQJVWRSRORJLHQPLW +LOIH GHV KLHU
YRUJHVWHOOWHQ*HQHUDWRU.RQ]HSWHVDEJHELOGHWZHUGHQ
GDGHU(QWZXUIVDXIZDQGHLQIDFK]XKRFKZlUHRGHUDQ
GHUVJHVDJWHLQH8PVHW]XQJDOOHUHUGHQNOLFKHQ6FKDO
WXQJHQXQP|JOLFKLVW6RPXVVDOV*UXQGYRUDXVVHW]XQJ
HLQH $XVZDKO YRQ 7RSRORJLHQ HUIROJHQ ZHOFKH HLQH
DXVUHLFKHQG KRKH :LHGHUYHUZHQGEDUNHLW UHXVH)DN
WRUDXIZHLVHQ>@'LHVHODVVHQVLFKGDQQPLWWHOV.HQQ
JU|HQFKDUDNWHULVLHUHQ%HLVSLHOHVROFKHU.HQQJU|HQ
IU27$6FKDOWXQJHQ ILQGHQ VLFK LQ >@'DPLW VLQG
GLHHLQ]HOQHQ6FKDOWXQJVWRSRORJLHQEHNDQQWXQGN|Q
QHQHUVWHOOWZHUGHQ'LHVIKUW]XP$XI]LHKHQGHVJO
WLJHQ3HUIRUPDQFH3DUDPHWHU5DXPHVXQG]XU'HILQL
WLRQ GHV 'HYLFH3DUDPHWHU5DXPV %HL GHU DQVFKOLH
HQGHQ ([SORUDWLRQ GHU VHSDUDWHQ 6FKDOWXQJVWRSROR
JLHQZLUGGDQQGHUJOWLJH'HYLFH3DUDPHWHU5DXPEH
VWLPPW'LHVHUZLUG LP OHW]WHQ6FKULWWGXUFK5DQGEH
GLQJXQJHQ&RQVWUDLQWVXQGGLH%HUFNVLFKWLJXQJYRQ
/D\RXW3DUDVLWHQ ZHLWHU HLQJHVFKUlQNW (QWVSUHFKHQ
GLHQXQJHIXQGHQHQJOWLJHQ3HUIRUPDQFHXQG'HYLFH
3DUDPHWHU5lXPHGHPJHIRUGHUWHQ/|VXQJVUDXPZHU
GHQGLHVH,QIRUPDWLRQHQDOV(LQJDQJVZHUWHVRZRKOIU
GHQ(QWZXUIGHV'HVLJQ$VVLVWHQWHQ6HPL$XWRPDWLF
LQWHUDFWLYH 'HVLJQ$VVLVWDQW DOV DXFK IU GLH 60
3&HOOYHUZHQGHW
9 %(,63,(/(3$5$0(75,6,(57(56&+$/781*(1
'DV.RQ]HSWGHU603&HOOZXUGH]ZDUQRFKQLFKW
YROOVWlQGLJ XPJHVHW]W MHGRFK EHVWHKHQ EHUHLWV HLQLJH
JUXQGOHJHQGH$QVlW]H(UVWH(QWZLFNOXQJHQGHQ0R
GXO&KDUDNWHUDXFKDXIGDV)URQWHQG6FKDOWSODQVFKH
PDWLF ]X EHUWUDJHQ ZDUHQ ]% HLQH DXWRPDWLVFKH
6WUXNWXUHUNHQQXQJXQGHLQSDUDPHWHUJHVWHXHUWHU7RSR
ORJLH*HQHUDWRU ZHOFKHU IU GLH 27$6FKDOWXQJV
NODVVHLPSOHPHQWLHUWZXUGH>@
'LHDXWRPDWLVFKH6WUXNWXUHUNHQQXQJ]LHOWGDUDXIDE
GLH 7HLOVFKDOWXQJHQ HLQHV 6FKDOWSODQHV ]X JUXSSLHUHQ
XQG YRQ'HYLFH(EHQH DXI0RGXO(EHQH ]X EULQJHQ
RKQH GLH EHUHLWV EHVFKULHEHQHQ 0RGXOH HU]HXJHQ ]X
PVVHQ VRQGHUQ GLHVH DQKDQG HLQHV $OJRULWKPXV HL
JHQVXQGDXWRPDWLVFKHUNHQQHQ]XODVVHQ,PSOHPHQ
WLHUW ZXUGH KLHUEHL HLQH (UNHQQXQJ IU 6WURPVSLHJHO
ZHOFKHGLHGHWHNWLHUWHQ6WURPVSLHJHOPLWHLQHUHQWVSUH
FKHQGHQ /D\RXW3&HOO HLQHV SDUDPHWULVLHUWHQ 6WURP
VSLHJHO/D\RXWVYHUNQSIW


$EELOGXQJ'HVLJQ)ORZHLQHU603&HOO
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


$EELOGXQJ]HLJWVHFKVYHUVFKLHGHQH9DULDQWHQHLQHU
27$3&HOOPLWQ026(LQJDQJZHOFKHPLW+LOIHGHV
WRROV PCDS >@ HUVWHOOW ZXUGH 3&'6 LVW HLQH (QW
ZXUIVXPJHEXQJZHOFKHXQWHU9HUZHQGXQJHLQHU0H
WDVSUDFKH+LOIVZHUN]HXJH]XU(UVWHOOXQJHLQHVSDUDPH
WHUJHVWHXHUWHQ6FKDOWSODQ*HQHUDWRUVELHWHW'HP(QW
ZLFNOHUZLUGGDEHLHLQHJUDILVFKH%HQXW]HUREHUIOlFKH
]XU3DUDPHWHUGHILQLWLRQXQG&RGH(LQJDEH]XU9HUI
JXQJ JHVWHOOW ,PSOHPHQWLHUW ZXUGH GLHVHV 3&HOO%HL
VSLHOLQGHUYRQ&$'(1&(DQJHERWHQHQ(QWZXUIVXP
JHEXQJDesign Framework II (DFII)'HU)RNXVZXUGH
KLHUDXIGLH7RSRORJLH$XVZDKOJHOHJWGLH'LPHQVLR
QLHUXQJ GHU 6FKDOWXQJZXUGH GDEHL QLFKW EHUFNVLFK
WLJW'LH0RGXO3&HOOHU]HXJW±SDUDPHWHUJHVWHXHUW±
YHUVFKLHGHQH7RSRORJLHQ,QVWDQ]HQGLH$XVZDKOHU
IROJW EHU GDV 3URSHUW\0HQX 'LH ,PSOHPHQWLHUXQJ
GHUH[HPSODULVFKGDUJHVWHOOWHQ3&HOOHUIROJWHPLWNQDSS
=HLOHQ3&'6&RGHZDVEHUVHW]WEHU=HLOHQ
6.,//&RGHHUJLEW'LHHUKHEOLFKH5HGX]LHUXQJGHU]X
LPSOHPHQWLHUHQGHQ &RGH=HLOHQ ]XU (UVWHOOXQJ GHU
3&HOO ]HLJW HLQGUXFNVYROO GHQ 1XW]HQ HLQHV K|KHUHQ
$XWRPDWLRQVJUDGHVXQGGLH1RWZHQGLJNHLW GHQ$QD
ORJ)ORZDXIK|KHUHU$EVWUDNWLRQVHEHQH]XUHDOLVLHUHQ
9, )$=,7
,QGHUYRUOLHJHQGHQ$UEHLWZXUGHHLQ.RQ]HSWHLQHV
GXUFKJlQJLJ DXI SDUDPHWULVLHUWHQ 0RGXOJHQHUDWRUHQ
EDVLHUHQGHQ (QWZXUIVIOXVVHV IU $QDORJVFKDOWXQJHQ
YRUJHVWHOOW+LHUEHL LVW HVZLFKWLJ GLH6LFKWZHLVHGHV
3&HOO(QWZLFNOHUVXQGGHV3&HOO$QZHQGHUV]XXQWHU
VFKHLGHQ 1DFK GHP KLHU JH]HLJWHQ 9RUJHKHQ VROOHQ
GHP(QWZLFNOHUEHUHLWVXQWHUVWW]HQGHLQWHUDNWLYH(QW
ZXUIVZHUN]HXJH]XU9HUIJXQJVWHKHQPLW+LOIHGHUHU
HUHLQHQ'HVLJQ$VVLVWHQWHQXQGHLQHQ6FKDOWSODQJHQH
UDWRU IUGHQ$QZHQGHU LPSOHPHQWLHUW'HVLJQ$VVLV
WHQWXQG6FKDOWSODQJHQHUDWRUHUP|JOLFKHQGHP$QZHQ
GHU HLQHQ :HUN]HXJXQWHUVWW]WHQ (QWZXUIVIOXVV PLW
HLQIDFKHU:LHGHUYHUZHQGXQJGHVGXUFKGHQ(QWZLFN
OHU HLQJHEXQGHQHQ ([SHUWHQZLVVHQV =ZDU EHJUQGHW
GDV .RQ]HSW HLQHQ HLQPDOLJHQ0HKUDXIZDQG EHL GHU
(UVWHOOXQJ GHU 6FKDOWXQJVNODVVHQVSH]LILVFKHQ :HUN
]HXJH GHU *HQHUDWRUFKDUDNWHU VWHOOW MHGRFK EHL GHU
:LHGHUYHUZHQGXQJHLQHQHUKHEOLFKHQ9RUWHLOGD:HL
WHUH9RUWHLOHVLQG
x +LHUDUFKLVFKH.RQVLVWHQ]GKHLQKHLWOLFKHU6'/
)ORZRKQH+LHUDUFKLHZHFKVHO'DPLWZLUG,QIRU
PDWLRQVYHUOXVWYHUPLHGHQ
x 5HGX]LHUWHU'HVLJQ$XIZDQGGXUFKHLQIDFKHV,Q
VWDQ]LLHUHQ HLQHU 3&HOO RKQH PDQXHOOH 6FKDO
WXQJVHU]HXJXQJ RGHU IHKOHUDQIlOOLJHV &RS\XQG
3DVWH
x (LQKHLWOLFKHUÄ/D\RXW6WLO³LQ%H]XJDXIGLH$Q
RUGQXQJ GHU %DXWHLOH XQG GHUHQ .RQQHNWLYLWlW
'LHVHUK|KWGLH/HVEDUNHLWGHU6FKDOWXQJVGHVLJQV
XQGGDPLWGLH$N]HSWDQ]
x .HLQH$EZHLFKXQJYRQGHUELVKHULJHQ(QWZXUIV
PHWKRGLNGXUFKGLH(LQELQGXQJGHUWRROVLQHLQHU
GHP 'HVLJQHU YHUWUDXWHQ (QWZXUIV8PJHEXQJ
'DPLWZLUGHEHQIDOOVGLH$N]HSWDQ]HUK|KW
'$1.6$*81*
'LHVH$UEHLWLVW7HLOHLQHV3URMHNWHVZHOFKHVGXUFKGDV
%XQGHVPLQLVWHULXP IU %LOGXQJ XQG )RUVFKXQJ
%0%)JHI|UGHUWLVW
/,7(5$7859(5=(,&+1,6
>@ **LHOHQ+:DOVFKDUWVDQG:6DQVHQ³$QDORJFLUFXLW
GHVLJQRSWLPL]DWLRQEDVHGRQV\PEROLFVLPXODWLRQDQGVLPX
ODWHGDQQHDOLQJ´IEEE Journal of Solid-State CircuitsYRO
QRSS±-XQ
>@ -+DUYH\0(OPDVU\DQG%/HXQJ³6WDLFDQLQWHUDFWLYH
IUDPHZRUNIRUV\QWKHVL]LQJFPRVDQGELFPRVDQDORJFLU
FXLWV´IEEE Transactions onComputer-Aided Design of In-
tegrated Circuits and SystemsYROQRSS±
1RY
>@ 0'HJUDXZH21\V('LMNVWUD-5LMPHQDQWV6%LW]%
/$**RIIDUW(9LWWR]6&VHUYHQ\&0HL[HQEHUJHU
*9DQ'HU6WDSSHQDQG+2JXH\³,GDFDQLQWHUDFWLYHGH
VLJQWRROIRUDQDORJFPRVFLUFXLWV´ IEEE Journal ofSolid-
State Circuits, YROQRSS±'HF
>@ **(*LHOHQDQG5$5XWHQEDU³&RPSXWHUDLGHGGHVLJQ
RIDQDORJDQGPL[HGVLJQDOLQWHJUDWHGFLUFXLWV´Proceedings 
of the IEEEYROQRSS±'HF

$EELOGXQJ9HUVFKLHGHQH$UFKLWHNWXUHQ7RSRORJLHQHLQHU6FKH
PDWLF0RGXO3&HOO
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>@ ''*DMVNL³7KH6WUXFWXUHRID6LOLFRQ&RPSLOHU´Proceed-
ings of IEEE ICCDSS
>@ $*HUODFK0-XQJHDQG-6FKHLEOH³8QLYHUVDO27$7HVW
%HQFK´Workshop der ASIM/GI-Fachgruppe5REHUW%RVFK
&HQWHU IRU 3RZHUHOHFWURQLFV 5HXWOLQJHQ *HUPDQ\ )HE
SS±
>@ -&URVVOH\$3XJJHOOL+3/HHWDO³%$*$GHVLJQHU
RULHQWHGLQWHJUDWHGIUDPHZRUNIRU WKHGHYHORSPHQWRI$06
FLUFXLWJHQHUDWRUV´ IEEE/ACM International Conference on 
Computer-Aided Design (ICCAD)SS±
>@ 0(LFN³6WUXFWXUHDQGVLJQDOSDWKDQDO\VLV IRUDQDORJDQG
GLJLWDOFLUFXLWV´Ph.D. dissertation7HFKQLFDO8QLYHUVLW\RI
0XQLFK 'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ DQG ,QIRU
PDWLRQ7HFKQRORJ\,QVWLWXWHIRU(OHFWURQLF'HVLJQ$XWRPD
WLRQ
>@ $ *HUODFK0 -XQJH - 6FKHLEOH 7 5RVDKO ³2SWLPLHUWH
ZLHGHUYHUZHQGEDUH 27$6FKDOWXQJHQ IU PRGHUQH 3RZHU
%L&0267HFKQRORJLHQ´03&)DFKWDJXQJGHU0XOWL
3URMHNW&KLS*UXSSH.Q]HOVDX*HUPDQ\-XO\
>@ '0DUROW-6FKHLEOH*-HUNH³7KH$SSOLFDWLRQRI/D\RXW
0RGXOH *HQHUDWRUV XSRQ &LUFXLW 6WUXFWXUH 5HFRJQLWLRQ³
CDNLive EMEA 0XQLFK*HUPDQ\
>@ '0DUROW0*UHLI-6FKHLEOHDQG*-HUNH³3FGV$QHZ
DSSURDFKIRUWKHGHYHORSPHQWRIFLUFXLWJHQHUDWRUVLQDQDORJ
LF GHVLJQ´ 22nd Austrian Workshop on Microelectronics 
(Austrochip), 2FWSS±



0DWWKLDV*UHLIHUKLHOWGHQDNDGHPLVFKHQ*UDG
GHV%(QJLQ0HFKDWURQLNLP-DKUYRQ
GHU+RFKVFKXOH5HXWOLQJHQXQGGHQ*UDGGHV
06FLQ/HLVWXQJVXQG0LNURHOHNWURQLNLP
-DKUYRQGHU+RFKVFKXOH5HXWOLQJHQ(U
LVWZLVVHQVFKDIWOLFKHU0LWDUEHLWHU DP5REHUW
%RVFK =HQWUXP IU /HLWXQJVHOHNWURQLN UE]
GHU+RFKVFKXOH 5HXWOLQJHQ XQG EHIDVVW VLFK
PLW GHP7KHPD(OHFWURQLF'HVLJQ$XWRPD
WLRQ('$
 

'DQLHO0DUROWHUKLHOWGHQDNDGHPLVFKHQ*UDG
GHV%(QJLQ0HFKDWURQLNLP-DKUYRQ
GHU+RFKVFKXOH5HXWOLQJHQXQGGHQ*UDGGHV
06FLQ0HFKDWURQLNLP-DKUYRQGHU
+RFKVFKXOH5HXWOLQJHQ(ULVWZLVVHQVFKDIWOL
FKHU 0LWDUEHLWHU DP 5REHUW %RVFK =HQWUXP
IU /HLWXQJVHOHNWURQLN UE] GHU+RFKVFKXOH
5HXWOLQJHQXQGEHIDVVW VLFKPLWGHP7KHPD
(OHFWURQLF'HVLJQ$XWRPDWLRQ('$
 
-UJHQ 6FKHLEOH HUKLHOW GHQ DNDGHPLVFKHQ
*UDGGHV'LSO,QJLQ(OHNWURWHFKQLNLP-DKU
YRQGHU8QLYHUVLWlW7+.DUOVUXKHXQG
GHQ *UDG GHV 'U,QJ LQ (OHNWURWHFKQLN LP
-DKUYRQGHU8QLYHUVLWlW7+.DUOVUXKH
(U LVW3URIHVVRU IU(OHFWURQLF'HVLJQ$XWR
PDWLRQ('$DP5REHUW%RVFK=HQWUXPIU
/HLVWXQJVHOHNWURQLN UE]DQGHU+RFKVFKXOH
5HXWOLQJHQ
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